Background-Since the advent of public reporting on risk-adjusted mortality for coronary artery bypass graft surgery, public reporting on outcomes has expanded to include a variety of dissimilar conditions and procedures. We have little evidence to support such broad-based efforts. Methods and Results-We examined the quality performance of 351 cardiologists at 48 hospitals in New York State, using publicly reported risk-adjusted mortality rates (RAMRs) for nonemergent percutaneous coronary interventions between 1998 and 2007. In the year after report release, we examined the following: (1) average RAMR for hospitals, (2) change in market share for hospitals and cardiologists, and (3) proportion of physicians leaving practice. We found that patients who picked a hospital that performed significantly better than expected in prior years had lower RAMRs (0.47, 0.61, and 0.72 for patients choosing hospitals whose prior reports were better than, as, and worse than expected; Pϭ0.02). However, choosing a hospital in the top quartile (or decile) of performance in prior years did not decrease a patient's chance of dying (Pϭ0.29, or Pϭ0.27). Performance ranking was not associated with a change in market share for hospitals or for physicians, or with leaving practice (all PϾ0.05).
S ince the advent of public reporting on risk-adjusted mortality for coronary artery bypass graft (CABG) surgery, the Centers for Medicare and Medicaid Services and multiple states have expanded the scope of public reporting to include outcomes for a variety of dissimilar conditions and procedures. Aiming to improve quality of care, Ͼ10 states, including New York, California, and Texas, publicly report on risk-adjusted mortality after CABG, and at least 8 states have embarked on public reporting of outcomes after percutaneous coronary interventions (PCIs). 1 The Centers for Medicare and Medicaid Services also report on risk-adjusted mortality for patients hospitalized with congestive heart failure, pneumonia, and acute myocardial infarction.
Proponents of these efforts hope that the mechanisms by which public reports have improved quality for CABG will also apply to a broader set of conditions. Prior studies have shown that public reports on CABG accurately forecast who will be the best-performing providers after report release, 2, 3 are associated with improved patient mortality, 4 -7 and likely encourage poor-quality surgeons to leave practice. 3 Thus, for other procedures, such as PCI, it is hoped that public reports will similarly steer patients to high-quality providers, motivate hospitals to engage in quality improvement efforts, and encourage very poor-performing providers to cease practice.
However, whether public reporting of outcomes for PCI will achieve these goals is far from clear. For many reasons, lessons learned from earlier public reporting efforts for CABG may not apply to PCI. First, PCIs have lower mortality rates and, thus, could produce much less reliable profiles of hospitals and physicians. Second, the lower rates may have a weaker influence on physicians' decisions to leave practice. Finally, referral patterns for the 2 procedures differ. For CABG, cardiologists, who are themselves subject to public reporting for cardiovascular procedures (ie, PCI), refer patients to surgeons. For PCI, cardiologists self-refer or receive referrals from primary care physicians.
By using PCI as an example of a procedure that differs in important ways from CABG, yet is commonly subject to public reporting, we examined data from New York State to address 3 questions: (1) How well do public performance reports on PCI forecast future performance? (2) What is their impact on cardiologists' and hospitals' market share? and (3) Is report performance associated with physicians' decisions to leave practice?
WHAT IS KNOWN
• Since the advent of public reporting on risk-adjusted mortality for coronary artery bypass graft surgery, at least 8 states have embarked on similar efforts for percutaneous coronary interventions. • To date, little is known about the utility of PCI public reporting programs.
WHAT THE STUDY ADDS
• Public reporting on nonemergent PCIs in New York State identifies very high and low performers but provides insufficient information to differentiate between most hospitals. • The utility of public reporting of risk-adjusted mortality rates may vary for different conditions and procedures.
Methods

Data
We We obtained data on total hospital beds and membership in the Council of Teaching Hospitals from the American Hospital Association Annual Survey Database. We used state physician registration databases and other publicly available online databases to determine the number of years in practice, sex, and training (foreign medical school or not) of cardiologists.
Variables
The RAMR is the cardiologist's (or hospital's) mortality rate had they cared for patients with a case mix similar to that of the state as a whole. Before 2004, only in-hospital deaths were used to calculate the RAMR. Deaths occurring within 30 days of the procedure were included in annual hospital performance measures beginning in 2004, and in 3-year pooled performance measures for cardiologists and hospitals from 2003 to 2005.
We defined performance using RAMRs, classifying those with the lowest RAMRs as high performers and those with the highest RAMRs as poor performers. We did not re-estimate rates using shrinkage or other models because those re-estimated rates, even if superior to the published ones for some purposes, would not have been able to influence the public.
Market share was defined as the number of nonemergent PCIs performed by a physician (or hospital), divided by the total number of nonemergent PCIs performed by physicians (or hospitals) that were present in the baseline report, the prerelease year, and the postrelease year. We assumed that physicians who had not performed any cases in a single year had left practice in the prior year.
Analysis
To examine how well report performance predicts future performance, we first classified baseline hospital performance as better than, as, or worse than expected (as denoted in the reports and based on RAMRs). Hospitals (or cardiologists) who performed better (or worse) than expected had a RAMR with a 95% CI entirely lower (or higher) than the statewide rate. We also classified baseline hospital performance into quartiles based on reported RAMRs (based on 3 years of data). Quartiles did not always contain equal numbers of hospitals because, for some years, the RAMR that formed a quartile's cut point was shared by several hospitals (or cardiologists).
For each category of performance, we calculated the mean RAMR in the year after publication of the report. For example, we used data from the 1998 to 2000 report (published in 2003) to classify hospitals as performing better than, as, or worse than expected. We then used 2004 data to calculate the average RAMR for each of the 1998 to 2000 performance categories. This average was weighted for number of cases in each hospital in 2004, by using analytic weights in the regression model. To test for an association between past and future performance, we used linear regression with hospital performance (specified as a single variable with 3 levels: better than, as, or worse than expected) in the baseline report as the independent variable and weighted RAMR in the postrelease year as the dependent variable. We also analyzed aggregate data across report years. Because a hospital might be classified as a high performer in one report, but a low performer in another report, we used a repeated-measures model with an unstructured covariance structure to examine the association between performance in any baseline report and postrelease RAMR.
In 3 sensitivity analyses, we used linear regression with hospital performance in the baseline report, categorized into quartiles and deciles and specified as a continuous variable. We limited our analyses on forecasting to hospitals because annual RAMRs for cardiologists were not available; thus, we were unable to describe individual performance in the year after a report's release. To test for an association between market share and report performance, we created a regression model in which the dependent variable was market share in the postrelease year and the independent variable was hospital (or cardiologist) rank (better than, as, or worse than expected) in the baseline report. For the cardiologist model, covariates were years in practice, sex, graduation from a foreign medical school (yes or no), and market share in the year before the report's release. For the hospital model, covariates were membership in the Council of Teaching Hospitals, total hospital beds, and market share in the year before the report's release. In sensitivity analyses, we repeated these analyses with hospital (cardiologist) performance specified as quartiles and then as a continuous variable (RAMR). We performed sensitivity analyses for the 2 regions (New York Metro: New York City or Long Island) with the most hospitals performing nonemergent PCIs. We assessed whether change in market share for the top-performing hospital in each region was different from change in market share for the bottom-performing hospital in each region.
We assessed the relationship between a cardiologist's performance and his or her subsequent decision to cease practicing in New York State, by calculating the proportion of cardiologists in each performance category (better than, as, or worse than expected, and performance quartiles) who left practice the year after report publication. To test for trend, we created a logistic regression model in which our dependent variable was leaving practice in the year after report publication (yes or no) and our primary independent variable was performance quartile in the baseline report (specified as a single variable with 4 levels). The model was adjusted for number of nonemergent cases in the prerelease year and years in practice. A final discrete-time survival regression was built to encompass all reports simultaneously. For each physician, the outcome was the number of years until he or she left practice, with censoring if the physician never left. The time-varying predictors included the quartile (or category) of performance in the prior year's report, the year of the prior report, the number of nonemergent cases in the prior year, and the number of years in practice.
Results
Between 1998 and 2007, 351 cardiologists performed nonemergent PCIs at 48 hospitals in New York State, with adequate volume to be included in the public reports. Hospitals that performed PCIs had an average of 673 beds, and 56% were members of the Council of Teaching Hospitals.
Variability in RAMRs
The difference in mortality rates between the best-and worst-performing hospitals ranged from 0.35% (ie, the 2002-2004 report with mortality ranging from 0.18%-0.53%) to 1.03%, depending on the year (Table 1) . RAMRs for hospitals that performed worse than expected were 3-to 8-fold higher than those for hospitals that performed better than expected.
Few hospitals performed better or worse than expected. In 4 of the 8 reports, no hospitals performed better than expected. During the 10 years included in our analyses, 4 (9) unique hospitals performed significantly better (worse) than expected in at least 1 report (data not displayed).
When we categorized hospitals into performance quartiles based on RAMRs, each quartile had 8 to 15 hospitals ( Table 2) . Hospitals in the worst performance quartile had significantly higher RAMRs than those in the best performance quartile (PϽ0.001 for all report years).
Predictive Ability to Identify High-Performing Hospitals
We found that report cards had good predictive ability at the extremes of performance. Baseline performance seemed to predict future RAMRs in most reports when hospitals were classified as better than, as, or worse than expected ( Table 3) . Although results were significant only for the 1999 to 2002 combined report, in pooled data, high performers had significantly lower RAMRs than those performing as or worse than expected after report release (0.47, 0.61, and 0.72; Pϭ0.02).
When quartiles were used to classify hospital performance, poor baseline report performance seemed to be associated with poor subsequent performance in 2007, with mortality rates by baseline performance quartiles of 0.56, 0.57, 0.59, and 0.77 (Table 4 ). However, the results were not statistically significant (Pϭ0.09), and none of the trends in other years was monotonic or seemed to suggest an important association. When we combined all the years available, there was no consistent trend across quartiles (0.60, 0.60, 0.59, and 0.68; Pϭ0.29). Results were similar when we categorized hospitals into performance deciles using baseline report RAMRs (Pϭ0.27) (data included in the online-only Data Supplement Appendix) or specified baseline RAMR as a continuous variable (data not displayed). Our results did not change when we used a single year of hospital performance to predict future performance (eg, performance quartiles based on 2004 hospital RAMRs published in the 2002-2004 report, to predict performance in the year after the report was published) or when we used separate RAMRs from the individual 1999 to 2001 and 2000 to 2002 reports (data not displayed).
Impact on Market Share
We found that public reports had no impact on the market share of hospitals or cardiologists. In multivariate regression, hospital performance in the 2002 to 2004 report was not associated with market share in the postrelease year, after adjusting for prerelease market share (Pϭ0.24) (Table 5, Figure 1 ). Results were similar for cardiologists (data included in the online-only Data Supplement Appendix). In earlier years, we also found no significant association between baseline report performance and postrelease market share (Figure 2 ). For all report years, our results were similar when we specified hospital (or physician) RAMRs into quartiles, deciles, or as a continuous variable (data not displayed). Our results were also similar when we examined change in hospital market share by region (data not displayed).
Decision to Leave Practice
Cardiologists with poor performance were no more likely to leave practice than those with good performance. None of the cardiologists who performed better or worse than expected in a baseline report left practice in the year after report release. Among those cardiologists in the top performance quartile in the 2001 to 2003 report, 6% left practice in New York State in the year after release of the report (data not displayed). Of the cardiologists in the lowest performance quartile, 7% left practice in the same time period. The association between performance quartile and leaving practice was not significant after adjusting for number of nonemergent cases in the prerelease year and years in practice (Pϭ0.71). 
Discussion
We found that the New York State reporting system for PCIs had good forecasting accuracy for hospitals at the extremes of performance but poor ability to detect any difference in quality at most hospitals. We found no evidence that consumers, physicians, or payers are using the public reports to drive market share or that cardiologists who perform poorly are more likely to leave practice after release of a report showing that their performance is substandard.
In the past decade, public reporting of process and outcomes has become much more prevalent, 1, 8 despite some questions about its impact on quality of care. 9, 10 In addition to the statewide CABG and PCI reports previously described, the Centers for Medicare and Medicaid Services also reports risk-adjusted outcomes for acute myocardial infarction, congestive heart failure, and pneumonia. Part of the justification for this effort is the desire to help consumers make wiser choices. Although we are aware of several previous studies that have examined the ability of public reports to forecast future performance for CABG, 2,3,11-13 we know of none that have examined the ability of public reports to forecast future performance for PCI.
At the extremes, past hospital performance seemed to forecast future performance, and trends were statistically significant for aggregate data. However, few hospitals performed better or worse than expected, suggesting that the reports would be of limited value to patients trying to choose between the few hospitals in their immediate vicinity. Performance quartiles and deciles for PCI mortality did not predict future performance.
Our study results contrast with patterns observed with CABG. 3, 12 These findings may, in part, be explained by the low mortality associated with PCI, because small differences between high and low reporters make discrimination across the full spectrum of providers more difficult. The weaker forecasting ability for PCI (compared with CABG) may also be due to the long time lags between baseline performance and when those data become available to guide treatment choices. For example, for the report released in 2006, baseline performance was measured using data from 2002 to 2004. Such time lags are a challenge for CABG reporting as well, 2 although procedural techniques for PCI may have evolved to a greater extent than for CABG over time. Whatever the explanation, our results underscore the need for caution †The P value is for a model in which postreport market share is the dependent variable and hospital performance (better than, as, or worse than expected) in the baseline report is the primary predictor. The model is adjusted for Council of Teaching Hospital membership, total hospital beds, and market share in the year before report publication. before generalizing findings on the forecasting ability of public reporting for CABG or its impact on physicians' practice decisions, to other procedures that may have different patterns of mortality or evolution.
Public reporting efforts are, in part, motivated by the hope that they will spur quality improvement and help steer patients toward the best hospitals. Previous work has found that CABG performance reporting in New York State was associated with substantial lowering of mortality rates, attributed, in part, to hospital-based quality improvement efforts. 4, 14 Although we could not measure the impact of PCI reporting on quality improvement initiatives or actual improvements in quality of care, further study to address the impact of PCI reporting on outcomes seems important. Prior research has found that public reporting on PCI may discourage physicians from treating high-risk patients. 15, 16 Current efforts in PCI reporting include those by New York and 7 other states. Given this breadth of effort, our findings raise questions about the practical value of public reporting on mortality for patients seeking to identify the best hospital for their PCI care, and they underscore the challenges of providing data on outcomes that differ among hospitals and matter to patients.
Our study has notable limitations. We restrict our conclusions to associations between public reporting and future performance, market share, and practice decisions. With our data and analyses, we cannot make any conclusions about causality. Because of changes over time in both the actual procedures that comprise PCIs and in New York State's definition of RAMRs, we were unable to compare RAMRs from year to year in a way that would permit clear interpretation as to whether quality actually improved over time. In our analysis of physicians leaving practice, our sample size limited our ability to detect small differences across performance quartiles. However, the raw numbers did not suggest any trends across quartiles.
In summary, we found that the information provided by the New York State reporting system for PCIs had good forecasting accuracy at the extremes but poor ability to detect any difference in quality at most hospitals. We found no evidence that patients, physicians, or payers are using the public reports to drive market share, or that cardiologists are making decisions to leave practice based on report performance. The utility of public reporting on RAMRs may differ substantially for different procedures.
